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12
Honorable Carol M. Browner13
Administrator14
U.S. Environmental Protection Agency15
401 M. Street, SW16
Washington, DC 2046017

18
Re: An SAB Report: Assessment of Risks from Radon in Homes19

20
Dear Ms. Browner:21

22
At the request of the Mr. Stephen B. Page, Director of the Office of Radiation and23

Indoor Air (ORIA), the Radiation Advisory Committee (RAC) of the Science Advisory24
Board (SAB) reviewed ORIA's draft document titled "Assessment of Risks from Radon in25
Homes" (October, 1999).  The RAC previously reviewed ORIA's methodology described in26
an ORIA "White Paper".  The RAC's recommendations were transmitted to ORIA in a July27
1999 SAB Advisory: Assessing Risks from Indoor Radon (EPA-SAB-RAC-ADV-99-10).  28

29
The RAC held a public meeting in Washington DC on November 16, 17, and 18,30

1999 at which it was briefed by, and had technical discussions with, ORIA staff and31
conducted writing sessions, producing a draft report.  The Report addressed the charge32
questions as well as other issues beyond the charge identified during the public meetings.33

34
The RAC found the ORIA draft document to be generally well-written and35

documented and was pleased to note that ORIA took into account the advice contained in36
its July 1999 Advisory.  The RAC commends the authors of the draft ORIA document for37
applying and extending the risk assessment methodology contained in the National38
Academy of Sciences (NAS) Biological Effects of Ionizing Radiation Committee report39
(BEIR VI) to produce a credible model for use by the Environmental Protection Agency40
(EPA) in its efforts to inform and protect the public with regard to the harmful effects of41
radon decay products indoors.42
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43
The RAC response to the specific charge questions posed by ORIA are as follows:44

45
a. Question 1:  Are the methodology and overall approach for assessing46

risks from radon in homes adequate?47
48

The RAC found that, in general, the EPA's methodology and overall approach for49
assessing risk from radon in homes is adequate.  The scaled concentration (SC) model50
derived by ORIA is a reasonable adaptation of the models developed by the BEIR VI51
Committee.  However, the document does not adequately describe the method and52
justification for the method used in deriving the SC model.  These methods need to be53
transparent in order to be credible to the potential model users.54

55
b. Question 2:  Are the assumptions behind the calculations56

appropriate?57
58

In general, the assumptions used by ORIA in the calculations are appropriate. 59
However,  ORIA's discussion regarding the effect of smoking on radon risk should be60
clarified.  ORIA should further consider the issues of changes in smoking prevalence and61
the impacts of other lung carcinogens on risk.62

63
c. Question 3:  Have the limitations and uncertainties in the assessment64

been adequately described?65
66

The RAC was pleased that ORIA expanded the uncertainty analysis as it67
recommended in its "White Paper" Advisory.  However, the ORIA assessment did not68
adequately take into account the model uncertainties.  In addition, the assessment should69
discuss biologically based models as well as other statistical methods that could be70
applied to the epidemiologic data to evaluate risks.71

72
The RAC also addressed some issues beyond the charge, related primarily to73

enhancing the potential usefulness of the ORIA risk assessments for a wide variety of74
applications.  The RAC continues to urge ORIA to make the model more accessible and75
transparent through an expanded discussion of the derivation of the SC model.  A76
discussion of alternative models would enhance the risk assessment document.77

78
The RAC compliments ORIA for its efforts in adapting and enhancing the BEIR VI79

models for use in estimating risks from radon and its decay products.  This is a very80
complex issue and EPA's methodology is likely to receive careful scrutiny.  The ORIA81
document is credible and, in general, well done.  The RAC appreciates the opportunity to82
provide this review to you and we hope that it will be helpful.  We look forward to the83
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response of the Assistant Administrator for Air and Radiation to the comments and84
recommendations in this report.         85

86
87

Sincerely,88
89
90
91
92

Dr. Joan M. Daisey, Chair Dr. Janet Johnson, Chair93
Science Advisory Board Radiation Advisory Committee94

Science Advisory Board95
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NOTICE96
97
98

This report has been written as part of the activities of the Science Advisory Board99
(SAB), a public advisory group providing extramural scientific information and advice to100
the Administrator and other officials of the Environmental Protection Agency (EPA).  The101
Board is structured to provide balanced, expert assessment of scientific matters related to102
problems facing the Agency.  This report has not been reviewed for approval by the103
Agency and, hence, the contents of this report do not necessarily represent the views and104
policies of the EPA nor of other agencies in the Executive Branch of the Federal105
Government.  In addition, the mention of trade names or commercial products does not106
constitute a recommendation for use.107
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ABSTRACT108
109

Since radon is the principal contributor to effective dose to members of the general110
public from background radiation, the U. S. Environmental Protection Agency (EPA) has111
devoted substantial consideration to quantifying the risks from radon in homes.  EPA has112
commissioned several studies to develop models and risk estimates based on113
epidemiologic data from underground miners. 114

115
The Office of Radiation and Indoor Air (ORIA) derived a risk model for residential116

exposures based on the models derived by the National Academy of Sciences (NAS)117
Biological Effects of Ionizing Radiation (BEIR) Committee.  The Radiation Advisory118
Committee (RAC) of the Science Advisory Board (SAB) reviewed the EPA model and the119
methods of estimating lung cancer risk from exposure to radon indoors.  The RAC agrees120
with ORIA's methodology in general.  However, ORIA did not adequately address the121
uncertainties in the risk estimates based on model and parameter uncertainty.  122

123
The RAC recommends that ORIA address, at least qualitatively, the biologically-124

based models and models which would result from application of alternate statistical125
methodology to the miner data.  In addition, since a wide variety of users will apply the126
ORIA central risk estimates to specific situations, ORIA needs to make sure its127
methodology, assumptions, and the limitiations of the model used are transparent. Lack of128
understanding of the uncertainties in the assessment could result in misuse of the risk129
estimates.    130

131
132

KEYWORDS: Cancer Risks, Indoor Radon Exposures, Radon Models, Radon Risk133
134
135
136
137

NOTE TO REVIEWERS: NTIS requires a maximum of 250 words in the abstract.  This138
abstract has 223 words. 139
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1 Did not attend meeting of November 14-16, 1999, but participated in the review.

2 Did not attend the meeting of November 14-16, 1999, due to illness.
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237
238

1.  EXECUTIVE SUMMARY239
240

Radon is the principal contributor to effective dose to members of the general241

public from background radiation.  As such, EPA has devoted substantial consideration to242

the subject of risk from radon in homes.  EPA commissioned a study by the National243

Academy of Sciences (NAS) National Research Council (NRC), Biological Effects of244

Ionizing Radiation (BEIR) Committee which resulted in publication of  the BEIR IV Report,245

Health Risks of Radon and Other Internally Deposited Alpha Emitters (NAS 1988).  In246

1994, the EPA  asked the NAS to revisit the risk assessment for indoor radon based on247

an expanded analysis of data on cancer risk to uranium miners and incorporation of the248

information available from indoor radon epidemiologic studies.  The NAS published its249

revised risk models in early 1999 in its BEIR VI Report, Health Effects of Exposure to250

Radon (NAS 1999).251

 252

EPA is now revising its assessment of risks of indoor radon in light of the findings253

of the BEIR VI Committee (NAS 1999).  The EPA Office of Radiation and Indoor Air254

(ORIA), in an extension of BEIR VI methodology, estimated specific risk coefficients and255

modified the estimate of the numbers of lung cancer deaths attributable to radon in its256

Draft Assessment of Risk from Radon in Homes (EPA 1999). 257

 258

ORIA requested that the Radiation Advisory Committee (RAC) of the Science259

Advisory Board (SAB) review its methodology for estimating cancer risks from exposure to260

radon in homes.  In March 1999, the RAC engaged in an initial advisory on this subject.261

Although the RAC found the methodology to be acceptable in general, the RAC Advisory,262

finalized in July 1999 (SAB 1999), included recommendations for some adjustments to the263

ORIA methodology.  ORIA responded to those recommendations in its Draft Assessment264
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of Risks from Radon in Homes (EPA 1999).  265

266

267

The RAC met in Washington DC on November 16, 17, and 18, 1999 for a review of268

the revised ORIA radon risk assessment methodology. A draft RAC review report was269

prepared at the November meeting, with a technical editing session conducted by a270

telephone conference on December 10, 1999.  The RAC's responses to the specific271

charge questions from the Agency are summarized below and discussed in detail in272

Section 3 of this report.  The RAC also addressed issues beyond the charge, as273

presented in Section 4.  274

275

In general, the RAC found that ORIA has produced a credible risk assessment and276

has responded well to the recommendations provided by the RAC in its Advisory (SAB277

1999).  The Draft ORIA document is, for the most part, well-written and documented and278

will be useful guidance for conducting radon risk assessments.  279

280

1.1 Question #1:  Are the methodology and overall approach for assessing281

risks from radon in homes adequate?282

283

The RAC found that, in general, ORIA's methodology and overall approach for284

assessing risk from radon in homes is adequate.  Two models were derived by the BEIR285

VI Committee, one dependent on radon decay product concentration, and one dependent286

on duration of exposure.  The BEIR VI Committee did not select a preferred model.  The287

RAC, in its Advisory (SAB 1999), recommended that ORIA derive a model intermediate288

between the two BEIR VI models.  In response to that advice, ORIA scaled the BEIR VI289

concentration model (SC model) to give risk estimates intermediate between the290

estimates based on the BEIR VI concentration and duration models.  The RAC agrees that291
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the scaled (intermediate) model is reasonable; however, the draft ORIA document is not292

clear on how the intermediate model was derived and does not fully justify its use. 293

Although ORIA's use of the BEIR VI model as a basis for the risk assessment is294

reasonable, the risk assessment should also include a discussion of biologically-based295

models as well as other credible models which could be applied to the epidemiologic data296

to assess risks.  This would help in characterizing model uncertainty.  These additional297

models should be included in the characterization of model uncertainty.298

299

The RAC supports the decisions by ORIA to derive estimates of etiologic risk,300

expand the treatment of smoking prevalence by age, and delete a proposed baseline301

adjustment.302

303

1.2 Question 2: Are the assumptions behind the calculations appropriate?304

305

The RAC found that, in general, the assumptions used by ORIA in the calculations306

are appropriate.  ORIA's discussion of the assumptions about the effect of smoking on307

radon risk should be clarified and ORIA should further consider the issues of changes in308

smoking prevalence and the impacts of other lung carcinogens on risk.  ORIA should also309

provide more focus on the factor, K, which relates the dose per unit exposure in homes to310

the dose per unit exposure in mines.  In particular, ORIA should consider how the K factor311

would change under specific exposure conditions.  The BEIR VI Committee assumed that312

the K factor is equal to 1.313

314

1.3 Question 3:  Have the limitations and uncertainties in the assessment been315

adequately described?316

317

The RAC was pleased with the expansion of the uncertainty analysis from the initial318

treatment in the White Paper.  However, the RAC is concerned that EPA limited the319
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analysis to the more easily quantifiable uncertainties and did not provide a strong sense of320

the overall uncertainties, which would include model uncertainty and other unquantified321

uncertainties.  Specifically, model uncertainty is not adequately addressed in the draft risk322

assessment.  In addition, ORIA should include a discussion of uncertainties in radon risk323

estimates in any document based on the draft risk assessment.324

325

The RAC recommends that model uncertainty be addressed in more detail in the326

risk assessment document. 327

328

1.4 Issues beyond the charge329

330

The RAC has several recommendations related to the draft risk assessment331

document that do not strictly apply to the three main charge questions.  These332

recommendations, related primarily to enhancing the potential usefulness of the ORIA risk333

assessments for a wide variety of applications, include the following:334

a) The potential use of the document by various disparate groups (e.g., state335

regulators, home builders, educators, and public health officials) should be336

taken into account;337

b) Risks from 220Rn should be given some additional consideration in the risk338

assessment;339

c) While the RAC recognizes that the information available for the miners is340

limited to mortality data, for future risk assessments ORIA should use341

incidence data whenever possible, consistent with EPA's treatment of342

chemical carcinogens;343

d) In the future, ORIA should seek further opportunities to validate its radon344

model against observations in residential populations; and345

e) The document should be expanded to render the methodology more346

transparent by including complete derivations of equations and explaining347
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terms in text as well as defining them in mathematical form.   348

349

The model should be readily adaptable to populations that do not match the350

characteristics of the stationary U.S. population used and the assumed constant lifetime351

exposure inherent in deriving the average risk coefficients and etiologic fractions that352

appear to be the principal outputs of the current effort.353

354
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355

2.  INTRODUCTION356

357

Radon, through its decay products, is the major contributor to effective dose from358

natural background radiation.  The effective dose from this source generally exceeds the359

limits for radiation exposure for the general public from nonbackground sources.  It is360

appropriate that the EPA give adequate consideration to the subject of risk from radon361

exposure in homes.  (Note:  For clarity in this report, references to radon are assumed to362

include its short-lived decay products.)  363

364

The Environmental Protection Agency’s (EPA) Office of Radiation and Indoor Air365

(ORIA) has revised its methodology for estimating cancer risks from exposure to radon in366

homes in accordance with the recently published National Academy of Sciences (NAS)367

report, Health Effects of Exposure to Radon: BEIR VI (NAS 1999).   At the request of368

ORIA, the Radiation Advisory Committee (RAC) of the Science Advisory Board (SAB)369

reviewed ORIA's methodology as described in its Draft Assessment of Risks from Radon370

in Homes (EPA 1999).371

372

In March 1999, the RAC engaged in an initial advisory regarding ORIA's373

methodology for assessing risks of radon in homes, based on a white paper submitted to374

the RAC.  In this Advisory, published in July 1999 (SAB 1999), the RAC provided guidance375

during the development of the risk assessment methodology. 376

377

The RAC met in Washington DC on November 16, 17, and 18, 1999 for a briefing378

and discussion of ORIA's radon risk assessment methodology presented in the draft379

Assessment of Risks from Radon in Homes (EPA 1999).  A draft RAC review report was380

prepared at the November meeting based on face-to-face discussions and incorporating381
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written comments submitted in advance of the meeting.  The draft RAC report, Review of382

Assessment of Risks from Radon in Homes, was edited and distributed to the RAC on383

November 23, 1999.  Another draft was prepared on December 5, 1999 and distributed to384

the RAC M/C for their review at the technical editing teleconference of December 10,385

1999.  386

387

The RAC review focused on specific questions posed by ORIA in its charge to the388

RAC (Section 2.2), including the appropriateness of the models and assumptions used, as389

well as  the adequacy of the evaluation of uncertainty in the assessment of risk.  The RAC390

also addressed issues beyond the charge in its review.   391

392

In general, the RAC found that ORIA's Draft Assessment of Risk from Radon in393

Homes (EPA 1999) is well done and is a very useful extension of the BEIR VI Committee394

Report (NAS 1999).  The subject is complex, but the ORIA staff has done an excellent job395

in dealing with this task.  The RAC notes that ORIA took into account the recommendations396

provided in its Advisory (SAB 1999).397

398

It is likely that the ORIA document will be very carefully scrutinized, thus it must have399

a high degree of credibility, and the methods by which the risks are derived must be400

transparent.  ORIA's risk assessment will provide a strong basis for estimating risks in401

support of rulemaking and public information programs.  Some issues that remain to be402

addressed are presented in Section 3 in response to specific questions in the charge, and403

in Section 4, which deals with issues beyond the charge.404

405

2.1  Background406

407

EPA’s guidance on risks associated with radon in homes has been developed408

based on the risk assessment models published in two National Academy of Sciences409
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(NAS) reports.  The first, Health Effects of Exposure to Radon and Other Internally410

Deposited Alpha-Emitters:  BEIR IV (NAS 1988), developed empirical models for411

estimating risk from inhalation of radon and its decay products based on four sets of412

underground miner epidemiological data; the second, Comparative Dosimetry of Radon413

in Mines and Homes (NAS 1991), provided modifications to the BEIR IV models to414

account for differences between occupational and residential exposures.  A third NAS415

report, published in 1994, Health Effects of Exposure to Radon: Time for416

Reassessment? (NAS 1994), reviewed the new information available and suggested that417

the BEIR IV assessment be revisited and updated to take into account additional miner418

data and the data developed from residential studies.  As a consequence, the NAS419

published a new, EPA-sponsored report on health risks associated with residential radon420

exposure,  Health Effects of Exposure to Radon:  BEIR VI (NAS 1999).  EPA is revising421

its assessment of risks from indoor radon based on the recommendations and models in422

the BEIR VI Report.    423

424

2.2  Charge425

426

The specific charge to the RAC for this review was to respond to the following427

questions:428

429

a)  Are the methodology and the overall approach for assessing risks from430

radon in homes adequate?431

432

b)  Are the assumptions behind the calculations appropriate?433

434

c)  Have the limitations and uncertainties in the assessment been435

adequately described?436
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The RAC's response to the charge and a discussion of issues beyond the charge437

are contained in the following sections of this report.438
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439

3.  RESPONSE TO THE CHARGE440

441

In general, ORIA has produced a credible risk assessment and has responded well442

to RAC comments presented in its Advisory on Assessing Risks from Indoor Radon (SAB443

1999).  The draft ORIA document is, with some exceptions described in detail below, well-444

written and documented and will be useful guidance for conducting radon risk445

assessments.  The RAC recognizes additional areas where the document could be446

improved, as explained in the responses to the specific questions in the charge.447

448

3.1  Charge Question #1449

450

Are the methodology and overall approach for assessing risks from radon in451

homes adequate?452

453

In general, ORIA's methodology and overall approach for assessing risks from454

radon in homes is adequate.  ORIA's risk assessment is an extension of the methodology455

developed by the NAS BEIR VI Committee (NAS 1999).  The extension was necessary in456

order to produce a document that would be useful in assessing risks from residential radon457

for individuals and populations.458

459

3.1.1 Modification of the BEIR VI Model460

461

The BEIR VI Committee proposed two models for residential radon risks: one462

which included an "effect-modification factor" dependent on radon decay product463

concentration (concentration model) and a second model with an "effect-modification464

factor" dependent on exposure duration (duration model).  These factors account for a465
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dose-rate effect.  The BEIR VI Committee did not select a preferred model.  ORIA's use of466

a model that is intermediate between the BEIR VI concentration and duration models is467

responsive to the advice contained in the RAC Advisory.  However, the method and468

justification of the method of deriving the intermediate model should be clearer.  The469

derivation should be more explicit in the text or should be included as an appendix to the470

document showing more detailed calculations.471

472

The RAC supports ORIA's selection of a scaled BEIR VI concentration (SC) model473

as a practical choice, given the calculational difficulties of developing a model that is free474

from bias imposed by the selection of cut points for concentration or duration of exposure475

intervals.  The RAC also supports the other adjustments made to the BEIR VI concentration476

model to derive estimates of the etiologic risk and to expand the treatment of smoking477

prevalence by age.  In addition, the RAC supports ORIA’s decision to drop its previously478

proposed baseline adjustment, with a recommendation that the explanation of this479

decision given in Appendix B be strengthened.  Finally, the RAC strongly supports the480

estimation of etiologic fraction and average years of life lost per radon-induced death as a481

supplement to the estimates of lifetime risk per working level month (WLM) and the482

estimation of the annual number of lung cancer deaths attributable to radon in homes.  All483

of these estimates are useful for evaluating risks to subsets of the population, such as484

those in a particular geographic region or with a particular pattern of exposure.485

486

ORIA's use of age-specific smoking prevalence data is a significant improvement487

over the BEIR VI analysis.  This modification will allow the model to be adjusted as488

smoking patterns change in the general population.  Even a small reduction in risk, due to489

a decrease in smoking prevalence, could be an incentive to promote the trend.490

491

492

493
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3.1.2 Alternative Models494

495

The BEIR VI Committee estimated lung cancer risks from radon exposures in the496

home using empirical regression models based on uranium miner lung cancer data. 497

However, there are reports in the most recent literature and active research in the498

construction and application of biologically-based cancer models.  Several researchers499

studying radon cancer risks have specifically applied the two-stage clonal expansion500

model of cancer that has been shown to describe, generally, both epidemiological and501

experimental cancer data (Luebeck et al. 1999, Leenhouts 1999, Moolgavkar 1993).  The502

model considers the effect of the carcinogen on the initiation, transformation and503

proliferation of cells in the multistage development of cancer.  As such it allows the504

interpretation of data in terms of relevant biological events in the cancer process.  505

506

In applications to the Colorado uranium miners, detailed modeling has incorporated507

data on both smoking rates and radon exposures (Leenhouts, 1999; Moolgavkar, 1993). 508

The fitted two-stage model showed an inverse dose-rate effect at higher doses as well as509

sub-multiplicative effects of smoking and radon exposure.  The risks, however, differed510

from those obtained by BEIR VI using empirical regression descriptions of the miner511

cohorts.  ORIA should include a discussion of the biologically-based models and512

especially take into account model specification in its uncertainty analysis that may actually513

be the greatest source of uncertainty in risk estimation.     514

515

With the publication of Federal Guidance Report No. 11 (EPA 1988) and the prior516

statement signed by President Reagan and published in the Federal Register, the Federal517

Radiation Council (EPA/FRC) had essentially endorsed the risk assessment and radiation518

protection concepts of the International Commission on Radiological Protection (ICRP). 519

However, the ICRP, in its Publication 65 (ICRP 1993) has adopted a quite different520

approach in its assessment of risk from radon.  The ORIA document should discuss how521
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the application of these two approaches differs in terms of the result.522

523

Developing scientifically valid risk estimates for cancer induction via residential524

radon exposure is a significant undertaking.  ORIA is making good progress toward525

developing acceptable risk estimates for lung cancer induction based on the BEIR VI526

models.  Significant challenges still remain, especially related to evaluating alternative527

models in the context of their associated uncertainties.  ORIA's treatment of uncertainty is528

discussed in detail in Section 3.3 of this report. 529

530

3.2 Charge Question #2531

532

Are the assumptions behind the calculations appropriate?533

534

The assumptions ORIA used in the calculations are, in general, appropriate. 535

Obviously, the assumptions made in applying the models are crucial in determining the536

risks from residential radon.  In some cases, specific parameter values were determined537

by EPA risk assessment guidance.  The RAC concerns regarding some of the538

assumptions used in the ORIA radon risk assessment are described below.539

540

3.2.1 Smoking and Other Exposures541

542

As suggested in the response to the first part of the charge, assumptions about the543

composition of the U.S. population and its patterns of exposure are necessary to estimate544

overall risk coefficients and etiologic fractions. ORIA’s choices are reasonable.  However,545

ORIA’s discussion of the assumptions about the effects of smoking on radon risk needs to546

be clarified.  The text is not clear about the difference between the relative risks of lung547

cancer deaths cited for ever smokers versus never smokers (p. 36) and the relative risks548

cited for current smokers versus nonsmokers (p. 35).  The assumptions about causation549
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that would underlie the relative risk model if all exogenous agents that affect risk (e.g.,550

asbestos, heavy metals, PAHs, crystalline silica, radionuclides other than radon decay551

products), not just radon and tobacco smoke, were explicitly considered, are also unclear.552

553

Recent data show that smoking rates among young people are stable or554

increasing.  ORIA should consider how this trend might affect the comparisons among555

never smokers, ever smokers, former smokers, and second-hand smokers.  The556

implications of smoking rates for young people could be examined on the basis of gender,557

similarly to the discussion on p. 13-14 of the assessment about the male ever-smoking558

prevalence reaching 74 percent at age 70 years, compared to 58 percent on average.  559

560

3.2.2 Comparisons Between Mine and Home Environments561

562

The variability and uncertainty in the "K" factor that is key to the risk assessment563

should be addressed.  K adjusts the radiation risk to miners to a projected risk to home564

residents, taking into account exposure factors such as aerosol size distribution, bronchial565

morphometry, depositional pattern and clearance rate, and dose-response factors such as566

exposure rate, age at exposure and at risk, sex, and smoking.   567

568

K = [Dose(home)/Exposure(home)]/[Dose(mine)/Exposure(mine)]569

570

The BEIR IV Committee initially assumed that the dose per working level month571

(WLM) is the same for occupational and environmental settings (NAS 1988).  In 1991, the572

NAS published a comparative assessment of radon in homes and mines (NAS 1991) that573

proposed an adjustment factor, K, of 0.7; that is, radon was presumed to be less effective574

in producing lung cancer in residential exposure situations than in the mine environment. 575

This resulted in a downward revision of the EPA risk estimates derived from the BEIR IV576

Report.  The BEIR VI Committee reviewed the data and determined that a value of 1 for K577
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is reasonable (NAS 1999).578

579

The ORIA assessment should provide more focus on the components of K.  If some580

of the considerations do or do not apply, depending on the situation, then sometimes a581

more situation-specific value of K might be appropriate.  For example, ORIA should582

consider how K would be affected if breathing rate differs based on indoor vs. outdoor583

work, health profile, or even altitude or climate for various levels of activity.584

585

3.3 Charge Question #3586

587

Have the limitations and uncertainties in the assessment been adequately588

described?589

590

The Committee applauds the expansion of the uncertainty analysis from the initial591

treatment in the white paper and the addition of 90% uncertainty interval estimates on the592

estimates of risk per WLM, etiologic fraction, and years of life lost per radon-induced593

(cancer) death (Table 18, page 46).  However, the RAC remains concerned that ORIA has594

limited the analysis to the more easily quantifiable uncertainties and has not afforded the595

reader a good sense of the overall uncertainties that would include model uncertainties596

and other uncertainties mentioned but not quantified.  597

598

The RAC notes several specific issues in regard to the limitations and uncertainties599

in ORIA's risk assessment.  In particular, model uncertainties are not adequately600

addressed.  When ORIA issues guidance documents or other information on radon risks601

based on the draft risk assessment, it should be sure to include an appropriate discussion602

of the uncertainties in the risk estimates in addition to the central risk estimates.  The603

choice of the SC model, although responsive to the RAC's previous recommendations,604

could appear arbitrary without a comprehensive discussion of the other models.  The RAC605
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recognizes that a quantitative resolution of this issue could require substantial work by606

ORIA.  An alternative approach would be to descriptively compare models rather than607

perform full-blown mathematical comparisons.608

609

3.3.1 Model Uncertainty610

611

The primary issue of whether the extrapolation of the miner studies to low doses612

and low dose rates is appropriate has been the subject of considerable debate.  In613

general, this extrapolation is consistent with the majority of data on residential exposure,614

although the negative results reported by Cohen et al. (Cohen, 1990; Cohen, 1995) have615

received much attention.  An important, recent addition to this discussion is a note in the616

May 1999 issue of Health Physics by John Goldsmith (1999), in which he discusses the617

confounding effects of the known correlation of cancer incidence with population density618

and notes that this may explain the anomalous results reported by Cohen.  Goldsmith also619

draws the conclusion that counties are not appropriate population units for such a study. 620

ORIA's discussion of the Cohen data would be enhanced by including a reference to the621

conclusions of Goldsmith.622

623

ORIA has done commendable work in producing risk estimates that for the first time624

account for changes in smoking status with age, etiologic fraction, and average years of625

life lost.  Additionally, the uncertainties associated with various data sets and the quality626

and biases of their sources are adequately addressed but the choice of the SC model is627

not.  This is important since that model is the basis for the Monte Carlo sensitivity analyses628

used to quantify the uncertainties in the risk determinations.  Although standard statistical629

theory can be used to assess the various uncertainty in parameters and sampling630

variations, the sensitivity analysis of a single model does not capture the uncertainty in our631

state of knowledge of the problem.  Other computer simulations and/or analytical solutions632

should be used when possible to evaluate the preferred model results even if using less633
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rigorous methods and subjective judgement. In addition to an overall assessment of the634

combined uncertainties from various data sources, uncertainties in the choice of a model635

need to be addressed.  Finally, the reasoning used to dismiss the reduction in the lower636

bound estimate using the BEIR VI constant relative risk (CRR) approach (i.e., as a637

consequence of sampling error) is also subjective.638

639

The ORIA draft document makes the case for using the SC model in lieu of a CRR640

model or the other models proposed by the BEIR VI committee to describe risks from641

radon in the homes.  The previous RAC Advisory on the ORIA White Paper recommended642

that EPA consider developing a model that would yield results intermediate between the643

BEIR VI concentration and duration models.  The RAC based that recommendation on644

several factors: 645

646

a)  the concentration model produced estimated risks 40% higher than those647

estimated using the duration model;648

 649

b)  the risk estimates, cited in the first assessment, were between the estimates of650

the two BEIR models; and 651

652

c)  the possibility that the lack of agreement between the models may have been653

caused by the choice of arbitrary cutpoints for concentration and duration intervals654

that are required when using Poisson regression to fit the Excess Relative Risk655

(ERR) models. 656

657

The Committee left the decision for developing the intermediate model up to ORIA. 658

In response to the RAC recommendations, ORIA chose to use the geometric mean of the659

two risk coefficients to produce an intermediate model.  This results in the use of central660

risk estimates in the assessment of risk from radon in homes.  The excess relative risk661
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(ERR) estimates are intermediate between those derived from the concentration and662

duration models of BEIR VI.  Because the difference in risk estimates between the BEIR VI663

concentration and duration end point models is substantial (i.e., 40%), a  case can be664

made that the relative risk  lies between the two.  However the choice of a central risk SC665

model is arbitrary, because the relative risk may be much closer to that derived using one666

of the BEIR VI models.667

668

The RAC believes that comparison to other models would lend credibility to the669

ORIA risk estimates derived from the SC model.  One proposal is to fit the BEIR VI model670

using Cox proportional hazards methodology which does not require categorization of671

exposure (WLM), duration, or concentration (WL) but can use individual exposure history672

or cumulative exposure.  The Cox model and Poisson regression would yield essentially673

identical results if the intervals used in Poisson regression are sufficiently small. 674

Alternatively, ORIA could still use Poisson regression, but with different and smaller675

exposure, duration, or concentration intervals.  Either of these approaches would produce676

ERR estimates that would probably be intermediate between the concentration and677

duration BEIR VI models and should be considered for ORIA's future modifications to the678

risk assessment. 679

680

3.3.2 Sensitivity Analysis681

682

We commend ORIA for its use of model sensitivity analysis.  ORIA has used the683

sensitivity analysis to estimate model robustness by exploring the effect of parameter684

uncertainty and/or variability on the Monte Carlo predictions.  However, though convenient685

and easy to use, the Monte Carlo methods need to be carefully monitored and baselined to686

ensure the integrity of the results and their connection to physical reality.  Uncertainty does687

not reside solely in the degree of ignorance about the precise value of a particular688

parameter but also the degree of ignorance associated with the choice of a particular 689
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model used to describe the data and make extrapolated risk predictions.  Even if it is not690

feasible to evaluate the combined effects of all sources of uncertainty affecting radon risk691

estimates, a quantitative, semiquantitative or as a last resort, a qualitative evaluation of the692

model choice should be presented which gives an idea of the robustness of the proposed693

risk assessment.  694

695

Simulation exercises that employ algorithms which use error estimation inputs (e.g.,696

K-factor) demonstrate that several acceptable solutions can be obtained without any697

bearing on “reality”.  For example, the K-factor can be used to account for differences in698

risk estimates due to varying environmental conditions, but an exact uncertainty cannot be699

assigned to a unique K value.  As the mathematical formulation is undetermined, no700

degree of refinement can offset this result.  Key uncertainties in the estimates and models701

could be reduced by considering a broader range of model simulations and their702

consequences for extrapolating radon-induced effects to lower dose rates. 703

704

More recent and ongoing epidemiologic and experimental research (e.g., in705

Germany and Netherlands) could be considered for use in the evaluation of the BEIR VI706

predictions.  There may also be advantages in using other more mechanistic models for707

comparison with the SC model (i.e., biologically-based models).  Some discussion of in708

vitro and related studies showing inverse dose rate effects would be appropriate. 709

References for such a discussion include Bettega et. al. (1992), Elkind (1994), Hall et. al.710

(1991), and Scott (1997). 711

712

3.3.3 Uncertainty in Estimates of Parameter Values713

714

Quantitative risk estimates based on extrapolated epidemiological data require715

measures of uncertainty.  Early on in the ORIA document, readers should be warned that716

use of central risk estimates without considering the associated uncertainties could result717



PUBLIC REVIEW DRAFT  – DO NOT QUOTE OR CITE

20

in misleading risk estimates. 718

719

One of the largest measures of uncertainty involves the estimation of the cohort720

member’s exposure to the carcinogen of interest, i.e., radon decay products.  This clearly721

is the case with the uranium miner cohorts and should be included in any formulation of722

total risk estimation precision involving the use of these radon exposed workers.723

724

3.3.4 Impact of Background Radon Exposures on Risk Estimates725

726

As requested by the RAC in its July 1999 Advisory (SAB1999), ORIA included a727

discussion of the impact of background radon exposure on the miner-based risk728

estimates.  The method by which ORIA quantified this impact resulted in negative values729

and the discussion of the impact was less than transparent.  The problem may stem from a730

mis-specification of the model.  For example, an exponential model might describe the731

impact of background radon exposure on risk estimates based on empirical models more732

realistically and have fewer specification problems than a linear model.733

734

ORIA should explain the implications of the negative numbers obtained when the735

baseline (or radon equal to zero case) is subtracted.  Is it  merely that there are so few736

cases of radon-induced lung cancer at the low end of the age spectrum so that the737

uncertainty encompassing the baseline includes negative numbers, or is there a condition738

for which  the model is not valid?  This is not simply a matter of proper derivation.  A clear739

verbal description of why the baseline does not need to be subtracted is needed.740

741

3.4 Model and Parameter Uncertainty742

743

Based on these observations regarding model uncertainty and parameter744

uncertainty, it is important that uncertainties in predictions of risk not only  include the745
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uncertainty in the epidemiologic data and parameter sensitivity analysis, but also the746

uncertainty in the choice of model used to describe the data and quantify the predictive747

analyses.  For context, the assessment might include a brief discussion of the comparative748

uncertainties surrounding other causes of lung cancer (e.g., smoking alone or asbestos) in749

relation to the uncertainties surrounding radon-related lung cancer.750

751

752

753

754

755

756

757
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758

4.  COMMENTS BEYOND THE CHARGE759

760

The RAC offers a few comments that do not strictly apply to the three main charge761

questions.  The RAC's concerns are related primarily to enhancing the potential usefulness762

of the ORIA risk assessments for a wide variety of applications.763

764

4.1  Potential Use of the Radon Risk Assessment Document765

766

As noted by the RAC in its Advisory, the foremost potential use of the risk767

assessment document may be to revise national estimates of radon risk for risk768

communication purposes (e.g., as in the 1992 Citizens Guide to Radon).  From the769

assessment narrative, it appears that the uncertainties about which risk model to choose770

(concentration, duration, or an intermediate model) make a more exact risk estimate771

difficult at this time.  Any estimate of lung cancer risk related to residential radon exposure772

is likely to have a large associated error.  The net result may be bracketing a risk range as773

was done previously.  774

775

The RAC continues to urge ORIA to make the model more accessible and776

transparent to those who wish to make risk calculations for defined populations and777

exposure patterns.  In particular, the model should be readily adaptable to populations that778

do not match the characteristics of the stationary U.S. population and the assumed779

constant lifetime exposure that are inherent in deriving the average risk coefficients and780

etiologic fractions that appear to be the principal outputs of the current effort.781

782

Although the document's section on uncertainty is essential and (as discussed in783

Section 3.3) needs strengthening, to some audiences it may suggest that the evidence for784

the carcinogenicity of radon is poorer than for other environmental substances treated as785
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carcinogens, which is not the case.  However, failure to adequately discuss uncertainties786

could encourage users of the document to give more weight than can be justified to central787

risk estimates, leading to misuse of these estimates.  Perhaps some of the details of the788

uncertainty analysis could be moved to an appendix, with the uncertainty section focusing789

on the overall reliability of the risk estimates. 790

791

While the purpose of ORIA's risk assessment document is to provide a scientific792

basis for policy decisions, the audience has to be very carefully considered.  The types of793

audiences that are likely to use the document include :794

795

a)  Radon testers and mitigators, as a tool to communicate risk to their clients, 796

797

b)  Real estate agents / attorneys involved in the sale of a home,798

799

c)  Physicians,800

801

d)  Public Health officials, in setting priorities for their agencies,802

803

e)  Federal and state regulators, in setting NEPPS goals,804

805

f)  Department of Energy, in determining appropriate clean-up levels for806

contaminated sites,807

808

g)  Lawyers in dealing with compensation claims for uranium miners,809

810

h)  Regulators, in setting Multimedia Mitigation (MMM) Program priorities to comply811

with the radon in water alternate maximum contaminant limit (AMCL), and812

813
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i)  Tobacco companies, to demonstrate that their product isn't unsafe on its own.814

815

ORIA should also consider how these audiences may misinterpret the document816

and what advice it can give these users about the model, its strengths and its limitations,817

and what would be a fair use of the model.  This goes beyond uncertainty or sensitivity to818

what the model represents and how accurately it can be assumed to represent risks.  ORIA819

should also consider how the model users can help improve the model, perhaps by data820

gathering and reporting.  Although not necessarily to be considered part of the mandate to821

ORIA, the Agency should be encouraged to consider developing models that are user822

friendly and readily available, via the internet, to those in the field as well as the general823

public.824

825

It is difficult to know what decisions might be made differently at the state level826

based on the results of the assessment.  For example, if EPA eventually develops a827

different basis for setting cleanup levels for radium in soils (p.2) using indoor radon risk828

pathways, numerous uranium-related soil cleanup decisions will be affected.829

830

Some states have a constituency of concerned uranium miners.  With the Senate831

Judiciary Committee having approved a bill to expand the Radiation Exposure832

Compensation Act to include uranium millers, there may be increased interest in affected833

areas in how EPA is comparing miner/miller risk to residential radon risk.  This reinforces834

the RAC’s suggestion in its Advisory that ORIA be clear about how the final risk model835

relates to situation-specific mixes of sex, age, and smoking behavior.836

837

Some of the assumptions could be refined by new information that may be available838

as census data from 2000 is collected and compiled, as new smoking prevalence data are839

reported, or as other studies that are currently near completion are finalized.  Rather than840

have a static model, ORIA should consider how the model can be modified or adapted to841
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take advantage of the emergence of new data regarding factors such as equilibrium842

fractions or the impacts of radon mitigation in homes.  843

844

4.2  Consideration of 220Rn845

846

Nearly all of the draft ORIA document is devoted to 222Rn with 220Rn mentioned only847

briefly.  Given the widespread distribution of 232Th and its decay products and their848

substantially high concentrations in some locations, it would seem appropriate to devote849

some discussion to 220Rn.  The RAC recognizes that there are many fewer available850

measurements and there are essentially no epidemiological studies of exposure to 220Rn,851

however, it would be useful to summarize the existing information and to discuss, at least852

qualitatively, the risk from 220Rn.  853

854

In justifying the exclusion of 220Rn from consideration in its risk assessment, ORIA855

states that "...a lower fraction of the released alpha particle energy is absorbed within856

target cells in the bronchial epithelium than in the case of radon-222."  While this857

statement, and a similar one made in ICRP Publication No. 50 (ICRP 1987), may well be858

true, its validity is not obvious.  ORIA should consider, at the least, a more comprehensive859

discussion of 220Rn risks.860

861

4.3 Use of Incidence Versus Mortality Data862

863

There would be less uncertainty in the models and the derived risk estimates if lung864

cancer incidence data could be used in the analysis rather than lung cancer mortality.  In865

general, a diagnosis of lung cancer (incidence) is more accurately counted than a lung866

cancer death that might be attributed to contributing factors on a death certificate rather867

than lung cancer.  The EPA evaluates the risks for nearly all other environmental factors868

based on the incidence of adverse health effects rather than mortality.  The RAC869
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recognizes that the epidemiologic data available on the underground miners is limited to870

lung cancer mortality; thus estimation of radon risk in terms of lung cancer incidence,871

based on the miner data, is not practical.  However, for future assessments where both872

incidence and mortality data are available, the RAC strongly supports use of incidence873

data in developing radiation risk estimates.874

875

4.4 Validation of Radon risk Models876

877

The Committee notes that disagreements persist about the degree to which model878

extrapolations from observations in miners have been, or even can be, validated by879

comparison with available data on residential radon exposures and risks.  Although ORIA880

should not be expected to resolve this issue in the current assessment, it should881

aggressively seek opportunities for model validation in the future.  Otherwise, controversy882

among scientists will continue and public confidence in the models will suffer.883

884

4.5 Exposition885

886

Although the exposition is for the most part quite clear to those familiar with the887

radon risk literature, and although ORIA has added less technical text to help readers who888

are not experts, the Committee found several specific areas in which improvements in889

exposition would be valuable.  The more important ones follow.  Minor suggestions are890

included in Appendix A.891

892

4.5.1 Derivation of Equations893

894

A major concern with the ORIA draft risk assessment document is the difficulty in895

following the calculations.  In several cases, the derivations are not included in the report. 896

For example, the equations used to calculate the etiologic fraction and the average years897
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of lost life expectancy are based on a quantity, S’(a), which is defined somewhat898

ambiguously as the survival function adjusted for an incremental increase in radon899

exposure.  No equations for calculating S’(a) are included.  As a result, it is difficult to900

determine whether the methodology is reasonable.  The adjustment in the survival function901

should be more clearly explained and the method of adjustment described either in the text902

or in an appendix.903

904

The equation for determining the lung cancer death rates for never smokers is given905

without a derivation (page 13).  The illustrations given (page 14) are also confusing in that906

a parameter value obtained in the first calculation is rounded to 2 significant figures but907

expressed using 3 significant figures in the second calculation:908

909

0.0052 = 0.0044/[0.42 + 14(0.58)]910

0.0072 = 14 x 0.000515911

912

Adding to the confusion, is a typographical error in the second set of calculations: 0.00414913

should be 0.000414.914

915

In addition to including derivations of the equations in an appendix, all notation in916

the text should be defined in English as well as in mathematical form.  For example:917

w* = effective cumulative exposure918

$*  = effective dose response (or effective excess risk/WLM)919

920

The ORIA risk assessment document will be read and critiqued by a large number921

of individuals with varying levels of experience with radon risk calculations and922

epidemiology.  The methodology used must be transparent in order to minimize923

unwarranted criticism.  It was helpful to include the derivation of the equations used in924

determining that the exclusion of miners’ residential exposures would not significantly925
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affect the calculated risks for indoor radon (Appendix B); however, even in this case,926

several steps were omitted in the derivation making it difficult to follow.  The appendices927

should be expanded to include derivations of all unique equations used in the risk928

assessment.  It will not be necessary to include derivations of equations obtained from929

BEIR VI; however, the methodology for adjusting the BEIR VI concentration model should930

be explicitly described in an appendix.931

932

4.5.2 Specific Text Concerns933

 934

Specific substantive concerns with the text are given below.  Editorial suggestions935

are contained in Appendix A.936

937

Page 7, second paragraph under IVA: The inverse dose rate effect will seem938

counterintuitive to many people not familiar with the literature.  Some discussion of939

mechanisms that might lead to such a behavior would be valuable.  940

941

Page 11, third paragraph:  This draft continues to note the “biological implausibility”942

of the Cohen study.  Although probably in the minority, a substantial number of reasonably943

credible scientists do not share this view.  Moreover, no explanation is given for the944

speculation that radon levels might be inversely correlated with smoking, and it is certainly945

not an intuitively compelling conclusion.  Although the meta-analysis of case-control studies946

does provide support for the extrapolation from the miner studies, it too can be criticized,947

and more explanation is required on why ORIA assigns essentially zero probability to the948

threshold/hormesis hypothesis.949

950

The BEIR VI models are based on a linear-multiplicative relationship between951

radon exposure and risk with no threshold.  That is, the risk per unit exposure is constant952

within specific smoking, exposure, and age categories, with a multiplier used to adjust risk953
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among categories.  However, the BEIR VI Committee also noted that "alternative954

exposure-risk relations, including relations with a threshold, may be operative at the lowest955

exposures" (NAS 1999).  The potential for a threshold for radon induced lung cancer956

should be discussed in the ORIA uncertainty analysis. 957

958

Page 42, end of Section 1:  The nominal value for the average residential radon959

concentration and the mean value for its distribution are different.  ORIA should, at a960

minimum, better explain this difference and perhaps rethink its decision. The same is true961

for some of the other quantified uncertainties.962

963

Page 50, Section 4: Because all of ORIA’s quantitative estimates are for lifetime964

exposure to a constant concentration, it seems inappropriate to talk about the uncertainty965

due to age at first exposure.  Moreover, even if ORIA is intending for the uncertainty to966

apply to age-specific risk estimates, if the Chinese tin miners showed a factor of two967

difference between children and adults, shouldn’t the median be adjusted downward968

before applying a distribution with geometric standard deviation (gsd) of 2?969

970

971
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1052

APPENDIX A - EDITORIAL AND TECHNICAL COMMENTS1053

1054

A.1 General Comments:1055

a. Should Systeme Internationale (SI) units be used?  The risk coefficients given in1056

Federal Guidance Report No. 13 (FGR-13) are in SI units.  There are only a few1057

places where traditional units would be appropriate, e.g., where reference is made1058

to BEIR VI, it would be necessary to use pCi L-1.  Radon decay product1059

concentrations are commonly expressed in units of working levels (WL) in the U.S. 1060

In the rest of the world, the quantity is potential alpha energy concentration (PAEC)1061

expressed on joules per m3 of air. 1062

b. Use negative exponents, e.g., Bq m-3 instead of Bq/m3.1063

c. Should first person, which is used only seldom, be replaced by third person?1064

d. In the entire document there is not consistency concerning when an acronym is1065

defined and then used, e.g., ever smoking (ES). Once it is defined the acronym1066

should be used consistently.1067

e. Radon decay products should be referred to consistently throughout the document,1068

i.e., either radon decay products (RDP), radon daughters, or radon progeny.  Using1069

these three  terms intermittently could cause confusion, particularly for individuals1070

who have only a small degree of expertise in this field.  The consistent use of the1071

term radon decay products is preferred.1072

f. The term working level (WL) is defined as the concentration of radon decay1073

products in air.  It is not a unit of exposure rate.  It only becomes a measure of1074

exposure rate when the conditions of exposure are specified.  Table 3 on page 81075
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was taken directly from Table A-4 of BEIR VI which does express exposure rate as1076

WL.  However, at the very least, Table 3 in the EPA risk document should include an1077

explanatory footnote acknowledging that WL is not a unit of exposure rate, but1078

under a specific condition, such as residential exposure, WL is a measure of1079

exposure rate.1080

g. Equations should be numbered throughout the text as they are up to page 13.1081

h. Some of age axes of graphs extend to 100 y and some to 120 y. It would be1082

desirable to be consistent to facilitate comparisons.1083

i. The axes in Figures 2 through 7 are hard to see.  They should be redrawn.1084

1085

A.2  Specific Comments (Words suggested for deletion are indicated by .  Words1086

suggested to be added are indicated by underline.)1087

PageParaLineComment1088

1 3 The concluding sentence states that “these adjustments have only a1089

minor impact . . .”  It should be clearer that the adjustments in question1090

are those made to BEIR VI analyses.  The changes between EPA’s1091

pre-BEIR VI assessment and the current one are more than a factor1092

of two, and not, in our opinion, minor.  A direct comparison of the1093

three sets of estimates might obviate the need to use an evaluative1094

term such as “minor”.1095

1 4 2 ...and projects an estimate of the number of fatal...1096

2 2 4 ...is through the advection and permeation of... (a large fraction of the1097

radon in buildings enters through advective flow rather than diffusion1098

or permeation.)1099
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2 2 7 Replace radioisotopes with radionuclides1100

2 2 10 The sentence starting with “Whenÿ” is misleading.  It implies that1101

radiation damage to cells lining the airways ultimately leads to1102

cancer. Radiation damage may increase the risk of cancer but does1103

not necessarily ultimately lead to cancer.1104

2 2 11 The sensitive irradiated cells are usually considered to be in the1105

bronchi, not the lung.  1106

2 3 1 No need to use the historical terms thoron or actinon here or1107

elsewhere in the document.  Just use 219Rn and 220Rn as necessary.1108

2 4 2 Replace “in Western Europe” with “elsewhere in the world”1109

2-3 (Sentence starting at bottom of page 2) Radon decay products will1110

reach equilibrium with radon-222 in a closed volume regardless of1111

whether the volume is “constantly supplied with radon”.   The sentence1112

could be changed to read as follows:  “In a closed volume, the1113

concentration of short-lived radon decay products will increase until1114

the rate of decay of each decay product equals the rate of decay of1115

the radon itself.1116

6 top It should be made explicit that the exposures W1 and W2 are both in1117

units of WLM.1118

9 1 (Section C)  The need to adjust $ downward by a factor of 0.9 for ES1119

should be better explained, at least by citation to BEIR VI.  It is not1120

obvious from the size of the upward adjustment for NS (a factor of 2)1121

and the relative risk between ES and NS (12-14).1122

9 2 6-8 Please explain (if known) why BEIR VI chose not to estimate lifetime1123
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risk per WLM.1124

9 3 (second paragraph under Section D)  Isn’t the steady-state population1125

governed by birth as well as death rates?  It should probably also be1126

explicitly stated that risk estimates would not change if the1127

calculations used the actual distribution of radon levels in residences1128

rather than only the average, because the risk model is linear in1129

concentration until concentration increases beyond the range found in1130

essentially all residences.1131

10 Table 5.  Under the Concentration Model, the Deaths for ES males and1132

females do not add up exactly to the total for all ES.  All the other1133

additions are precise.1134

12 2 1 “their” should be “its”1135

12 3 11 Is “some causative role” the right language here?  Since there is no1136

unexposed population, one could argue that radon plays “some1137

causative role” in all the cancers.”1138

16 3 10 ...to which miners were exposed.1139

17 1 2 After the equation add “The geometric mean was chosen over the1140

arithmetic mean because...”1141

28 1 1-3 Figure 6 shows that the combined risk per WLM  for a stationary1142

population with an ES prevalence of 60% would be roughly twice that1143

of  one with a prevalence of 20%.1144

32 Table 13 Add a 10-4 to the risk per WLM column header1145

32 1 ( Section 3)  This explanation is at best difficult to follow.  The word1146

“presumably” should not be necessary if ORIA really understands the1147
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1980-1990 change.1148

32 In the paragraph just before table, discuss qualitatively why the risk1149

using the new model and assumptions is twice the old one.1150

34 Table 15 The expression of Risk per WLM in the header should be consistent1151

with Table 13.1152

37 2 6 The parentheses around (rate) are unnecessary.1153

42 3 (Section 2): Does the equilibrium fraction correlate with smoking1154

status?  If so, has that correlation been factored into the analysis?1155

51 Table 21 What is the meaning of the blank cells?1156

58 7 3 Gesell, not Gessell1157

1158
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APPENDIX  B - ACRONYMS1159

1160

AMCL Alternate Maximum Contamination Limit1161

BEIR IV Biological Effects of Ionizing Radiation Committee Report IV, Health Risks1162
of Radon and other Internally Deposited Alpha-Emitters 1163

BEIR VI Biological Effects of Ionizing Radiation Committee Report VI, Health Effects1164
of Exposure to Radon1165

Bq Becquerel [The special name for the SI (Systeme Internationale of units) unit1166
of radioactivity (1 Bq = 1 disintegration per second)] 1167

$* Effective Dose Response (or effective excess risk/WLM)1168

Ci Curies [Nuclear transformations (disintegrations).  The special unit of activity:1169
One curie equals 3.7X1010 disintegrations per second.]1170

CRR Constant Relative Risk (model)1171

EPA Environmental Protection Agency (U.S. EPA, or EPA)1172

ERAMS Environmental Radiation Ambient Monitoring System1173

ERR Excess Relative Risk1174

ES Ever Smoker1175

FGR Federal Guidance Report 1176

GSD Geometric Standard Deviation1177

ICRP International Commission on Radiological Protection1178

K The factor which relates the dose per unit exposure in homes to the dose per1179
unit exposure in mines (BEIR VI assumed that the K factor is equal to 1)1180

L Liter1181

m Meter1182

m3 Cubic Meter1183

MMM Multimedia Mitigation Program1184
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NAS National Academy of Sciences1185

NEPPS National Environmental P    P   S   (??? - Need help here - KJK)1186

NRC National Research Council1187

NS Never Smoker1188

ORIA Office of Radiation and Indoor Air (U.S. EPA/ORIA)1189

PAEC Potential Alpha Energy Concentration (expressed on joules per m3 of air)1190

p pico [10-12] in combination with specific units (e.g., pCi L-1 Pico Curie per1191
Liter)1192

PAHs Polynuclear Aeromatic Hydrocarbons1193

RAC Radiation Advisory Committee (U.S. EPA/SAB/RAC)1194

RDP Radon Decay Products 1195

Rn               Radon, as an element, or as an isotope (e.g.,  219Rn, 220Rn,  222Rn)1196

SC Scaled Concentration (Model)1197

SAB Science Advisory Board (U.S. EPA/SAB)1198

SI Systeme Internationale Units1199

Th Thorium, as an element or as an isotope (e.g., 228Th, 230Th, 232Th, 234Th) 1200

w* Effective Cumulative Exposure1201

W Exposures (expressed as W1 and W2, etc.)1202

WL Working Level (radon decay product  concentration)1203

WLM Working Level Month (radon decay product exposure)1204

1205



PUBLIC REVIEW DRAFT  – DO NOT QUOTE OR CITE

DISTRIBUTION LIST1206

Deputy Administrator1207

Assistant Administrators1208

EPA Regional Administrators1209

EPA Laboratory Directors1210

Deputy Assistant Administrator for Office of Policy, Economics and Innovation1211

Deputy Assistant Administrator for Office of Environmental Information1212

Deputy Assistant Administrator for Air and Radiation1213

Director, Office of Radiation and Indoor Air1214

Director, Office of Radiation Programs1215

EPA Headquarters Libraries1216

EPA Regional Libraries1217

National Technical Information Service (NTIS)1218


